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#^ ^^V: 2003/8/4 



7flAl^ e^^J- ^^1^^, ^Sj-^l- 2:^^ ^ ^flolti. ^7] ^o] 

^^slo] Afls.3z|. ^^3|-g-^ ^ ^7] ^-H^lw.!- ^#7l; 

S. 3 
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I'jJoSOO 10710 %^ ^^>: 2003/8/4 

S.^^ ^^711- ol-g-tb ^1^1^ {Near field microscope using waveguides 

resonator} 

£ 2^ ^Efl^ ^3i<=>l ^^^^ <=>]-%-^ ^1^1^* M-bI-hE t^ojcf. 

IE. 4b^ £ 4a^ IV-IV ^T^S-^m-. 
^l-olys^:^ ^ojcf. 

£ 6a^ ^^^^1 ;Hl2^Alc^loll e^;^ ^1^1^<:>1] A>-g-5]^ ^^7ll- ufB^^'dl 

£ 6b^ £ 6a^ VI-VI ^^S^l^-. 

£ 7^ ^ ^^^^ ^l2^A]o^]ofl 4=. e^^J- ^Dl^oil Al-§.S1^ ^^7lo11 .^>7l ^ 
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!(y030010710 



#^ <a^>: 2003/8/4 



7,7 



.7', 22, 22' . . .^^ 



12... ^#7], 



25... ^3^, 



22a... ^ 



v+i^DlE^ ^:?lo^ ol^tb ^>^V^ ^#*>7l ^t!- ^1^1^-8: «^J^S. #^11- ^ 
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Cf. ojel^V ^^tb^ll- ^^t}JL y^S] Sj-^J-^nf nflo. 37]=. ^v^ -^o^ m^^^o. 

^ 9X^ ^^l^'^l ^^i-^Ml slSi^^. e^^i- ^T^l^<HlAi^ 3^-;3-ticV 3)-^ 

olfe ^fll- Si^oll^i^Ei Bl-^^ci- 7]^ iflofl e^^^ Sl^^ 

<22> oje]^ evanescent field and near field) ^]-%-^ ^]^^ ^"1^ 

ofl STM(scanning tunneling microscope) ^ AFM(atomic force microscope)^! 

^ <^l2fl ^ ^o\S.^^ ^^^^}3X^. ^^]^ 7l#S] ^^o.^ oi^].c^ 7l^o^ 

, r.lAl:5^ ^Aj^ #^^>^ «J-^o] Afls^ «.o>s Z^-^^ «V7l Al^^cf. 

Al-cy^ ^^oljA-li Z^^ ^^>-¥-#<^l SI-SI'S t'l^^-fl^^'Hl Cfltt #Bl2^ o^^7> ^^tb 

<23> 5)^ tb^l* ^4tb ^J-'^^ *>^S. e^^J- Ml- oj-g-^V ^nl;^ol 7l|^V£l^tq-. ^^1, 

<24> D>oias.5^^ o]-g-t!- cHtl: AshSil- Nicholls<^l ^«fl oj^o^^jl, 

3.S.s\- <^lT^l^ll- 'fJ-^-^.S -i-^'a (coaxial cable) ^^7], iB^Hl-<?l(stripl ine) 

^^7], (waveguide slit)# <^]-%-^ U-^l-^l ^cf. 
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TC20030010710 #^ ^^1-: 2003/8/4 

<25> £ 1^ ^Eflo^ ^^711- ol-g-^ ^1^1^* S.^]^ ^-^S., 'APPLIED PHYSICS 

LETTERS, VOLUME 75, NUMBER 20'<=Hl 7flAl£]c>] ojic]-. 
<26> o] ^1^1^^, t'VolaLS.^-llolti. 4l^(100)S-^El #A>^ ^flol«.7l- ^^''d ^ 

^71(103)* -f-^fl ^71 ^^>5d ^^71(103)2^ ^-^<^1 ^^^^ ^^(105)# 

^ ^AH1-Ji;^> s:>^ ^^1-(107)<H1 i^el-JE^ :^c>] o^cf. ^4](105)^ -i-^ M-^ 

?flola.7}- ^«#( 107)31)- ^i-:£3]-g-t}: cf^, ^^(105)* -^sfl cfA] ^^^^i ^^71(103)5. 1- 

cH:?]-4. ZL^JL, ^fll-(107)3i|-^ 4>S3l-g-<^l 2l€fl T3>olaS.4s)lolti.7> i::1-o1^:e. ^#7] 

(iio)oii ^sfl ^#^4. <^is!)- ^fo^ Afl=.o^ ^]^^^, ^^^^ ^ 9X^. o^7i 

<27> ZL^cll, ^^7l(103)» <5l-§-*>iS ^SS. -^It!- ^^"^1 i^><5l3 

cfl^oHA^o^ ^^'^l:^ ^ $1^. e^^J- ^^1^^ °Has 

4 cfl^o^ ^s)-=^oiln]- ^tl-^lT^^ A>-g-3fl<^> ^cfl^ ^^(sensitivity)!- '^^^ ^ 

7)171- ^Cf. nSlJL, ^^71(103)^ 9]^ ^^]S. <=>]^o]7^ 

tVcf. irl-el-Ai, Afl^o^ ^A^^ ^7) ^ei) $iloly.o^ cl.oj:^V A>-g-^>^c-)l ^Hmol 4 

€-i=l-. ^, ^^l-ol ?|oly.^ ^V^^j-^^l-^c-ll o;iolA-l, Afl^nVc)- o) ^§1 ^v^s)^ 

2.:e.7> ^^c-I), -i-^Al ^^7H1>H^ TEM 2.= ^V^ A>-g-^ ^^vofl gjo.p.s ^^7l* 
^l-§-tb e^^J- ^1^1^^ <^l-§-*H 2:^>^ ^ Si^ ^^1-21 ^^M- ^^7> #o>^ ^^ofl ojcf. 
<28> ^V7l ^^A] ^^71(103)^ T^'VolaLS.S)- cH^S) ^3l)-^# A>-g-3r>7) n))^ol] 2)-^o] 

^^^^-^i ^^71(103)21 ^ol7> ^cH^cf. £ loll A)-^5l ^^71(103)^ <^ 2m 
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20030010710 #^ 'U^}- 2003/8/4 

^ ^^1* ^^^4. ^<^1 ^^71(103)1- oj-g-tb ^^]^^ 

4- aJl, o]^]^ ^^]S. 91^ ^o^#5|-<Hl ^;Hl7> 9X^. 
<29> ^sflofl ^ cf^ ^Dl^^S-Ai, ^^l-g-tb ^^l^^l 9X^. 'APPLIED 

PHYSICS LETTERS, VOLUME 77, NUMBER r<^l 711^1^^ <^l-§-^ ^i^l^^, S. 

sh^(113)^ ^a^<^1 *3i(115)ol ^^JSlZL, o] ^^(ii5)o^ oVsfl^ofl Afl^(ii7)ol ^oi 

(120)ol «fl^lSl:a, 71^(120)^ <>>2fl^<^l ^-^(122)-^S^Ei ^o] SA>£]:£S. ^ ^ 

o;t4. 1^1^^ ^S. 123^ "V^a* M-4^l=f. 

<30> ^1-71 ^^oflAi ^^(122)^S-^Ei 2^A}^ %o] Afl#( 117)311- ^S^l-g-tb ^ ^7] 

(115)# ^J-71 £4^(113)-2-S #<H^4-. ^>^2]-g-( interact ion) t!: 

^oil cfltb ^^^^ ^#7loll ^^-^o^S.^ ^^^^ *&<^>^ ^ ^4. ^^tfl, 

^ ^^<=>] aji, ^«fl^oi ^i^vsi^ 

<31> ^ o. ,^7i<^i ^i7|^ ^^^^ «M«>7l '^t^^ ^^S, ^3r|7> 3)-0.igA-1 ^5. 

-f^^>a^ ^^^VtII ^^^^ 2:AV^ ^ ^ ^1^1^^ ^1^*> 

^^j-Al7lJL. TES-^Sl- TM £^1- ol-g-§>o^ ^A^^ ^ 9X^ '^^l- 
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711- ol-g-^Vc^ ^gs.^ ^^^^ o;io^ ^12. y]^^ ^^J-Al^l^ ^n]^^ ^]^^} 

<34> ^7]^ ^^^*>7l -^IS^H, ^ ^'^^l -£3)-^ ^^71» Oj-g-^ ^Xi]^ 

^-S-^H -^^a^ioi. £5)-^^ ^fl<^l:a.7i- ^v^3i-g-*i-£^ 

-i-^fl ^si-£)<H Afl^s)- >^^3|-g-^ ^ ^7] ^^2}. £4^^ -f-eii 
^ ^flol^-l- ^#^1-^ ^#7l;» i^^m ^^1-^^ 

<35> >^7l ^^7l^ «^cl.6)l O]:^ 7>^*]-7ll ^^7l5] «-3l|l- ^^^^ 

<36> ^V7l ^^7l^ ^^^<H1 9X^ ^^^1 ^>id ^tll ^Efl^ 

<37> ^1-71 -^^^ ^**>^ ^]-7l^fil ^Cfl^^ Ho, TEiop S-S-Oll^i^ pi;t, ^ 

^^21 ^^1^ ^^1* Zf, ^^7151 cl-igo^ 7}s. 

<38> <3::?i-i^> 

K [2 COS— {-^C^y+z,)} siny {^(zy-^,)} ] 

<40> ^7] Zf=3d/2p, Zi=d/2p<Hl ufl^jsl^ ^O] 
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£^ 

<42> >^7l ^flo]H. idh^ t'Vol^^ ^flolti. J£fe ^el^lE^ ^Ijolti.!- #A>Al^ ^ oj^tq-, 

A/4S1 ^oll- 7}^]^ ^o] uV^^^>cf. 

<45> ^ ^t^-Hl n^-s. e^;^- ^o];^^, ;£ 3^ ^2:*>^ ^]]o]^ ±di(3) , n<^]^ ^^(3)^-^ 

B\ ?flcla.7]- ^^51^ -£3)-^ ^^7l(5), ^7] SH)-^ ^^7l(5)» ^-i-^><^ ^"^^^ ^ 

s^Al^ ^ ojj£s. ^^7l(5)fi1 ^^l^S-^^S. <^l-S-7]-^^l-7ll € ^M(9)7> ^wl^nf. 

<46> ^]o]B_ ^^(3)^ ^floljaSl 5)-^^ ^ SlcH ojo] n>ola.S.^flol ti. fi^ 

nj: ofqe^. ^ d] ^| o] y.^ ^ ^cf. 

<47> A^V7l 5.^^ ^^7l(5)fe £ 4a<^l ^^1 #^<^l:il. ^^o] c^l^ s-o^^ ^1 

^ TEM 3.J^^ ^ ^Jl TM S-^fif TE S.^'d^l ^^^fltb^. 

<48> ^^7l(5)^ ^^<=H1A-1^ 7>S ^oli- ae^- A-fl^ ^oji- b^l- ^ 

a,b<Hl itl-s. TE ^«>^ i^^ij. JE S.:^^ ^7]^9] z^^^^ Ez=0^]JL, ^]-7l^ 

^ z«c}-*J= Hz^ 12f sfll- 

<49> 

[^^<M 1] a b 
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1020030010710 %^ 2003/8/4 

<5i> cf^, TM -S.:^^ ^>7l^^ z«J-^ -^^^ Hz=OolJl, Ez^ ^^i"^ 2^ tfl# ^^^cf. 

<52> 

<53> tb^, >^7l JE5|-^ ^^7l(5)^ ^^<^lAi^ 7}S. ^<>l(a)5q-, ^ils. ^oi(b)oil tcfel- ^7] 
no]w ^^(3)^1 ^2}-^ tfl^^ IGHzoflA^ 220GHZO11 ols.7]^7l-^l cf^J^s^VTl] a>^^ ^ o;[t:f. ^, 
a, b<Hl xx^^ £2}-^ ^^71(5)2^ ^>^^sl-^7l- ^yr^^s]-^ ol5}oi ^3)-^^ £2).^ 

^^71(5)1- ^ ^t:]-. ^^7l(5)S^ ^1-^^51-=^ f^^^ TE fi^S^ TM S.^ 



<54> 



3] 2,iv^ 2n\/^ V ^ « ^ ^ & 

•^^71(5)71- e4 :^yc>^ ^n^^ ^^S. 7H*Vcf. 3<^1 ^^V^ 

^V^^sl-^fe ^^7l(5)^ ^-gs] ^l^oji o^tfl >§«l);5lcf. ^ 7>^ ^> 

5.^^ S = 7l^ S--^ (dominant mode)e^- s^V^cll, a>b5}Jl 7}-^^^ nfl TEiq a:B<Hl 

^>^^4^7> 7>^ ^<i>^l=f. ^m^Sj-^ ^flojH.^ isj.^ ^^7l(5)» 
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<56> ^ £3X|-^ ^^7l(5)» TEM 2l-n> ^A^S]^ -^^^ ^^7]9\- TE 

S-^sq- TM ^^S^JL, o]6\] ofe^- cf<y:t]: oj^^j-o^ 2:^1-^ ^ 

^■1^ ^5)-^ cfl^^ A>-g-^ ^ oi^oi ojcV. cfA] ^^>^, ^H^el-<^1^ ^^^sl-^ 

<57> ^7)^1: 4^ ^^1, ^}<=>]3.S.no]^ ^^(3)^ ^2:7> 7>^Brl-Jl, ^ 

<58> tb^, j£ 4boll iAl^ wvsq- :y-ol £3^^ ^^7l(5)<^l l-CS)^ ^^j^V^, ^1 1-(8)«H1 ^ 
^(7)* ^<?^tb EflH€-(ll)* <^l-§-^H -^^^^S-H -^>7l ^^(7)# Jl^^l^ ^cf. 

^^(7)^ £3x}-^ ^^71(5) ^fl^s. ^^§1 ^<a£];^l '^-^(7a)^ ^^7] ifl 

^S. #«>17>J1, u|-H^l(7b)fe £31)-^ ^^7l 51-^^ ^^l^r^-. 
<59> £ 3^ ^2:s:>^, £2}.^ ^^7l(5) ^^S. -^^(7b)<^l e^^H ^ 

SA)-^>ji^> ^«l-(10)ol ^^l^cf. >g#(10)^ o]:^ 7}^^ ^]:^]^(13)<^] 

^ 9X^, ^7] ^l;^ltfl(i3)7> ol^^ofl nfei- >^7l ^^(7)^] t^^ ^^#(10)2] ^ <^^ol ^^^^^ 

<60> >^7l ^^(7)^ oj^o^^ ^ o^cf. o] ^^(7)^ ^i^l^^ 

^11-* lOm "^MS. ^]^^^. ^^S1 3)-^^^ ^«fl^ol ^>^^4. Hth, 
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^«B¥ <^}^^ ^^(sensitivity)* ^sj-o^ £ 4c^l IEa]^ «>sq- :^o] 2 

<6i> t!-^, >^7l ^%i(7)^ H 4b<^l «>fi^. ^ol £2).^ ^^5171 (5) x^^ofl 

(7a)ol ^^olji, 9\^6\] ■¥-^(7b)<^l ^^^^ ^7] ^^<a ^ $i4. SEfe, 

^ ^^7l(5) S1^<^1 ^^(7'b)<^l ^B. ^Efls- ^^^^ ^>7l #^(7')<^ ^ $Icf. ^ 

<62> cf^^ >^V7l ^^(7)^ -i-tfl ^^<H] tfltll '^^<5]-tiJi;^> ^nf. 3E 4b* ^2:*>^. 

^71 ^^7l(5)sl 7>S ^o]^ a, ^flS. ^oli- be)- *>i, ^^7] ^^^(7)^1 

^^7l(5)<^l 7>^ ^^1* X, £5}-^ ^^71(5) vH^S 

(7a)^ ^<^1* h2l- ^ nfl. ^1-71 ^^(7)^ ^^^^ ^^^(I)^ €^^:£(J)^ 4 
^ ^l=f. <^7lAi, ^^(7)ol y»?J-^O.s. Hfl^l^lol $I^:S.S., ^^(7)# -i-^ll 'SJE 

^O) =^0 sin[ — C/» ->')] 

<64> 4011 ^%U7)-g: -^^fl , a)^27rf*, 

^4 M-El-^fli^. ^^(7)^ ^311-5)^ no] ^3] 3.7] Ay^ 5sq- 

<65> 7. 
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(5)<^1 ^^(7)ol ^<ysl ^^oil^ TE 3.^^ TM S.^<^l^i y ^^^^V ^.^S-S. y ^ 

7l^J- -^^^^ t:f-g-^ 4^^^ 64 ^o] ^cH^cf. 

'''' rA^^^:^^„= ^rhr sinC^)cosC^) 

Imr^y a b 

TES.^ -J— sinC— — )cosC— if^ ) 

<68> 2 2 

^V7i ^^^^ eoflAi '''^ 1- ^A^A. ^>7i ^^^^ <^l-g-^H ^^(7)-^s. 

TM -S.:^5q- TE ^B. AA^ 3.7] Atm4 Ate* t^^I-^ 

^^^^ , <^ u I. 

COS /l - COS — — h 

T]SAS.^'.A^TM= / sinC — - — ) 



b c 

aJ^-t T — /i-cos— — /l 

<70> ZLS^JL, ^^(7)^ -^^Vc:.^ ^4^^ ^^^l^^ fl^ 4^4 ^4. 



<71> 



<72> <^7lAi, TEio 2-^4 4^ '^d4^:il- 44M1^ ^^S., Z_V= kappa _0 eta _0 / 
beta kappa _0^ :£4^ ^^7lol] ^^J^ S*^!*. eta _0^ £4^ 

^^<^1 Si^ tifl;go^ ^^^<a4^^S. 377Q^, beta _1^ ^4^4^* 44M14. ^ 

t!-, lo^ £4^ ^^71(5)1- 44 ^^(7)oil ^^^14. <=^7lAi, ^^(7)^ -i- 

-^^51^ Rm^ ai^^>ia 4^4 ^4. 
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<73> _ bZ^ 

i^^^ 91 n ^ 

<74> Aj.7l QoflAi Zi^ Jl^^l-'S. ^^(7)^ €7]^^ 7>^ AflS-ofl 7\7^y\\ 

. ?fl2ll^1€i^ ^^1-(10)<H1 ^^gSjfe ^^^^ Vi-^^ 71^^ ^\1L, AiS. tq-€- >si-<^i 

cfl^^i^ ^^^sl ^2|-7> tq-STii q-E^-vfcf. oieitb w>^^s. <?> 

^^#(10)* ^e^i^i^Ai ^VA^^j.^ ^g^^i^j- ^j^^ ^ii7i ^2^-1- ^^^a^ o.^ 

<75> <>i7lAi, jLi}-«Hl ^*><H ^^l-(10)i|- TEio 2-^^ ^^7l(5)<^l 

til-sf TEio S.^^ ^#ol ^t!:i=f. 7>^1^ ^^715^ 1-^^^-^ 

<76> ^7] ^^7l(5)<^l ^^(7)* ^^l-(10)oll ^flolti.7> ^^£]JL, 

o] ^flo]U.S>]. Afl^(io)o] ^^^l-^o)] o]^ :g.^^4^o] ^^l7l7]. ^^l:^. ^fl#(10)<^l ^4) 

(7)ol 7>^7>ol cf7]-7>^ Afl = (io)^ i^tb ^^7]7> ^A^E)^ ^^#31 >^^:iofl xt|. 

^^^21-^* ^^1-^ ^^J* <^<^>^ ^ ^CV. 

<77> o\9{ ^o] ^]-o^, ^ ^vi^ojl 4€- e^^J- ^D];§oi]A-l isj-^j. ^^71(5)^1 %^(7) 

^ ^^I-(IO) A].oio^ ^7]^ ^v^^^^ ^^].<:*^ <^li3l^ll- ^ 
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<78> ^jg, 5il^^4-i-(shape perturbation) tcj-ej- S-Sj-^ -g-^7l(5)Sl ^ 

^ -s}.^o^ i^S^^ cf^o^ lOofl o^sfl ^x^^ ^ ^cf. 

<79> r 2 2 

r-yo J^c^iJ^or-e|£:or)^v 

<80> 0^7lA-1, Eo^ Ho^ '^^■g-Sl^l ^7l^j-5ll- ^]-7l^J-g: ^EflflD^, e y ^ ^^^^l^l 

*1 ^^(7)ol isl-^ ^^71 (5) ifl<^lA-l ^}:^]t}jL ^^^oil^i^l ^;^V^l7> 

71-^^ ^ ^Cf. ojE^^ 7>^^ ^V^, >S-7l ^*l-<5^ lO-Hl^i >^V7l ^S)-^ ^^7] (5)^ 
a/2, b/2,d/2 ^^l^ll rO^ 7>^ *(8)* ^^^s>ji c] #(8)<^1 ^^(7)^ ^^l^V^^ 

nfl c^-^ij. ojrf. 



<81> 



[^tj-d:! 11] -/o Vo 
<82> <^7]Ai, Av^ ^^(7)«^1 ^^7l(5)« ^>^1*]-JL ^l^<5li, Vo^ ^^<=>] ^ 

^^71(5)^1 ^l^l ^^^^^ ^^7l(5)^ ^^^5^^7l- <^lsi*!: 

It ?i<^1» ^ ^ 9X^. £2^^ ^^7l(5)<Hl ^^(7)* ^^^l7l^ iiol* S^^H ^ 
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<83> ^V:^, ^7]^ til-Sf :^o] TEio £2^^ ^^7l(5)<^l (7)-i- ^W^l ^^V*^ £ 

alpha cf^^ 10^- 



<84> =A 3 

l^n^ 12] 2 



<85> <^7]Ai, ro^ ^>7l *(8)5^ M-BfLflc^, :5i7l^^^ #(8)^ 3^]^<^] 

o^nlt^Cf. *(8)^ ^Itflt!: ^711 ^o] wV^^l^l-p^, n^.7l ^ ^fl 

*(8)^ eflH€r(ll)* <^l^^l-<^ •^<='ll^. 

<86> ^ A2 ^^Hl^Hl ^1^1^^, -£ 6a<^1 wl-sq- :^ol is}-^ 

^^7l(20)<Hl ^^(22)0] ^^Slol, >^7l ^^71(20) ^^<^1 ^^(22a)ol 

^Efl^ £]c^ oi^ ^^-^S tb^l-. >ll2^Alc^lol] rc).^ ^1^1^^ ^ll^^l<^li4 

aljn^ nfl, ^^71(20)^ ^^(22) ^S'iVol cfsji uj-u]^] ^'^^^fcf. ^ef^i , 

£ soil £Al^ ^1^1^ Si ^^1:5^01 ^12 ^Al<:^lc,11 4^ e^^d- -^^€r> 

<87> sfleic-flo] i^ajofl o]^].^ ^Eljoi a.«(22a)^ -i-^^m ^1-71 ^d- Hx ^d^^ 

ol-§-*H ^^(22)<^1 7l;d^^ ^J7l7l] ^ ^ $Icf. ^E. ^Bfloj « «.(22a)o]l ^cfl 

9\ 7l^^^ ^5 71 711 ^>7l ^SflAi^ ;^l-7l^d-ol ^7] ^= ^Efl^l a.«.(22a)* ^^^S * 

2)-^V£^ S11<>1: tbcf. :iflc-ii, ^>7l^J-^ ^ll^m^ «d-*j=<Hl 4^2] tl- 1}-^* 7>;^l7l nfl^ofl^ 

^7] ^3. ^Efl^ ^^(22a)<^l ^cH^ 7l:5i^ol ^^ylH^ ^1-7] ^sflA-l ^^7] 

(22a)ol ?lloly.oi ^^«d-^oil t^^ wfl^lsl^ ^oi Hj-^^l^l-cl-. ZLElJl, cl-^^ ^tl- 
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<89> ^7] ^«]-^oil>^i, Ho^ ^= ^^(22a)* ;^>7l^5l a|cfl^, TEiqp S- 

P^k^ M-Ef^t^. ^tb, s. 6b» ^^^V^, zj^ -¥-^(228)^ ^^1*. 

Zf^ ^^(22a)2] ^^3- ^^]», -§-^71(20)^ ^o]!- M-Bl-vflc]-. Aj-y] ^ 

n^o\] tt|-H^, ^^(22a)^ Zf=3d/2p, Zi=d/2p<Hl ^^1^]^^ nfl ^l-7l ^^(22)o|l 

^ 7]^^^ -ir^^^l^l^ -f-H ^^(22a)^ ^^1^ Zf=3cl/4, Zi=d/4<^]^. a^, ^5. 

^^(22a)s1 ^cj. ^^Kzi). ^^(22a)^ ^^l(zf)7> wV^^ 

(22a)^ ^^cf. 

<90> .^7]^ Hj-sq- ^o] tjrj-^ ^^7l(20)<^l ^^(22)ol ^-^s]^ ^^]o\] ccj-ej- :^£7]- ^e}-^] 
£.3. ^J-7] ^^(22)^ ^ ^'^l ojo)], £ Ga'Hl SAjsl 

^o] >^7l £1^^ •^^7l(20)<^l ^^(25)^ ^^^*>J1, <>1 ^5i(25)ofl ^^(22)^ ^^tb 
cf. ZLS]J1, ^1-71 ^^(25)^ ^^(22)ol ol^ 7].^^|.:£S. ^o.^^ ^^(22)^ ^^1* 

. ^ 9X^^■ <^]^ ^^1 -E-^<^1 ^^(22)<^1 71:^^0] 

^ ^^11- -§-ol^>7fl ^ ^4. 2.^7> o^&l 711 ^^fl^ TEiop S-J=<>llAiol p^ofl 

5|cll 7l^^ol ^^S^^ ^^]7} ^ 9X^. 7]^^o] ^tli\7} 51^ 



<88> 




2 



[^^^ 131 
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#<^V ^^(22)^ ^5i(25)^ oj-^A] ^ o.^.«) ^>u|.o^ ^s).^ •^^7l(20)» <=>] 

^t\C^ t^^^^ S.E.C^]^'\B] Afl^O^ ^A^^ c^o>^i ^ ojcf. 
<91> Dl U|-C>7l-, >^7l ^^(22a)Sl S^*H ^tflo^ ojc^-. 

7>tbcf. ^^7l(20) ^^<^1 ^J7l^ o^&l 7M^ TE ^1-71 -f-^ ^Bfl^ ^ 

<92> ^7] ^^(22)^ £51-^ ^^71(20) ^-¥-<^l ^^l^m -¥-^(22b)<5l £ eb'^l 

(20) 5q^<Hl ^^1*>^ ^^(22'b)ol ^EflS. ^ ^l-7l^^(22')<a ^ ^cf. olnfl, JE 

sl-^ ^^7l(20) vfl-^ofl ^^1^1-^ ^^«.^(22'a)^ ^'^tb «>s|- ^^o] S^ol 

<93> t!-^, ^^(22) (22')^ ?B^<^1 ttl-el- -^^11 ^^s^ -^g^^i^J- ^^^o] 

rq-Hji, olol] 45^- fi^i^S. ^^^^] 4^711 M-E^-Vfcf. c^ll- l-o], ^^S] 7Mol 

<94> t:f^, ^71 ;^ll-^Alc^lcil u^s, e^;^- <^l-§-*>«^ ^^#5^ ^^^^ 

4. 
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<95> £ 3* ^^*>^, n<=>]^ ^M3)S.^n #^V€ ^■ll<^l«.7l- <^>ol#5llolE-l(4)l- ^-^*l-<^ 

Hs}-^ ^^71(5)1- ^^Stlrcf. :i^JL, ^^7](5)o\] ^^(7)* -f-^fl ^^#(10)<^1 

?flolti.7> ^^SlJL, ^flojasq. >g#(10)o^ >^>^^-g-^l <a^^-1*^2).-^^^3^^o^ x\]7]7} ^ 

tbcf. <y^x-i*j-uz). ^^^544.0^ /^]7l ^^^H ^^1-^ ^<^>^ ^ 

<96> tV^, ^^#(10)<^1 cflt!: 3^>€ ''^^■ir "^7] ^sr^ lOOnm^ ^^^^ 7>^lfe ^^E^i^lJE 

• A])^ ^ o;i^ ^l^ltfl(13)<Hl ^^#(10)^ ^3^¥^t^. ^7] ^l^lcfldS)^ <yEi5llol>,^ 

-i-*>'^ ^^EHl ^^^<^ 7.}^2^^^t^. ^7] ^1^101(13)1- o]^X\^ Afls.(io)^ ^7] 
(7)<^1 cflsl] ^711^^0.^^ Afls-o^ 3^].^ <^^l.^ ^ oj^nf. 

<97> ^>7l ^^(7)4 ^fl#(10)^ ^^3)--g-oil T^l-olaS-^floly. ^ igelnlEi^flolu. cgo^^l 

^^^2)-^ >^fl7l t:l-ol^^ ^#71(12)<H1 nelJl, ^sl ^1^^(13) 

<H1 kHz ^^S. ^3i^ ^s.7} ^-<^ f^^7l(lock-in ampl i f ier)(14)<:>ll ^ 

7] ^-o] ^^■7]^ no]W :t^i(3)5Jf ^^71(5) AH ofl Aj^cfl ^-§-till- ^aJ-a] 7^ t^oI 

^» ^4lS|-^>7l ^t!: ^<5ll=l-. <5l^7ll f^^^ AIJ:^ ^«E.:|(15)a. :^^].c^ 0]X2]7]^- 

<98> . ^V7l ^flolti. ^>i(3)S>l- -§-^71(5) A>o]o^ ^^^^^-l^J-i- ^Cf'^liJ.:^ ^2:71 

(6)1- A>-g-srH ^ ^Icf. 

<99> d x4<^>7>, ^71 £5)-^ ^^7l(5)<^lA-l «^7lSl^ ^^l-7l^^ ^^^S* ^ol7l ^ 

-£4^ ^^7l(5)sl <a^6ii A^7] :^ul(9)# ol-g-^>c^ >^7l £2)-^ ^^7l(5)^ ^o]^ 

S^tVcl-. ^^1, Aj.7] ^|ol«. :li^(3)S.^E^ #^>£l^ ^•llolti.ol 5).^^ x^JL ^ nfl , £ 
4^ -^^71(5)^ ^<^11- X/4^ S^*!-^ ^ol w>^^^l-t:l-. o^7lA-l, £5}-^ ^^7](5)^ ^^1 
« \/4S S^§>^ ^^7l(5) vfl6)l ^'^Vb|.7]. >^57^a^ ^:i\o] o^o]^J^^^ ^}7] ^ 
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<ioo> >^7]«}: w>2|- :^ol, ^ ^i^oil ^i^l^^ £3}-^ ^7] 

71 :iL^£S ^^€^1 ^^^-i: sa>^ ^ ojc^., 

Afll-o^ <y:o>^ ^ ojcf. olsif :y-ol ^^7H1 ol-g- 

*M ^>ol5L^?floly. cfl^oiiA-l«.E-1 ^el^lE-l^flolti. cfl^^7>^lal '^^i-* -S* ^ ^^i^, 

TM sl-oii ffj-s. Afls-sl ^;^>7l^ ^^^^ o^^^ ^ $X^. atb, £.s|-^ ^^7l«^l >a-^5l^ 

^ ^Sl-^lT^l ^^o] 7l-^*>7fl SlOl 7}^^ ^3z|-^ 
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11 

^7] ^1^* ^m}^ n<=>]M.7} ^ 

oiwi- ^#^>^ ^#7l;l- ^^-^S ^^711- oi-g-^ e^^j- 
2] 

^ 9X^^ € ^M7> ^wl^ ^^-9.^ £3)-^ ^^7l* oi-g-^ e^^J- ^1^1^. 
{^^^^ 3] 

^1 l^J-Hl 
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5) 

^B. ^-^^m ^M^J-Sl ^cfl^^ Ho. TEiop 2.^<Hl^i^ P^, ^ 
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8J 

^^71 Zf=3d/2p, zi-d/2p<^l Hfl^lsl^ ^^^S. t}^ e^^J- ^1^1^. 

[^^IJ- 9] 

^1 51)-, 7«j- 8%H1 ^c>^^i, 

m^^^ 10] 

2;tVn,s V « 

11] 

^1 1%> vfl^^l ^1 4*J- ^ o^i^ tl: %H1 
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f-fo _ 2 Ay 
yb vo 

12) 

%A '%%^ 2^;^! ^1^^ *Hw.e|s. ^^oi ^^^^ e 

[^^1)- 131 

>i.>,sq. 3E.5|-^ ^^7l A>olofl AlJ^cfl ^^Ull- ^>S-Al?^ 2^:i:2l-S:> 

7l ^th ^^7l(Lock-in-amplifier)7l- ^wls]^ ^i^l^. 

[^j^%V 14] 

^1 1%^ ^^1 A 4«o> # c^^x^ *j-oi] 0|olA^^ 

\^^^^ 15] 

\/4^ ^oi^ 7>^1^ ^^i^s. ^1^1^. 
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